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The actual JWST orbit may look different, depending on launch date. 
However the shape of an LPO in the xy plane remains about the same. Only the size 
changes significantly.  
 
The last bullet requires some explanation. For each SK maneuver we define a targeting 
(differential correction) problem where we fix the thrust direction and solve for the 
thrust magnitude so that, at the next x-z crossing, Vx = 0. After that problem converges 
we modify the targeting problem so that Vx = 0 at the 2nd x-z crossing. 
(In general, at the 1st x-z crossing Vx is close to 0 but no longer 0.) Finally after the 2nd 
problem converges we target the maneuver so that Vx = 0 at the 3rd x-z crossing. To be 
more precise, we only require that Vx be near 0, which is sufficient to maintain a LPO.  
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These limits are illustrated on the next slides.  
 
For more details on how these limits are based on the spacecraft configuration, see the 
backup charts titled 
JWST Bus and Thrusters   
and 
JWST Pointing Constraints, Thrust Constraints 
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These images convey the range of attitudes during SK, but the angles are not precisely 
correct for SK.  
The spacecraft attitude in these pictures is actually for the science phase, where the 
Sun pitch range is  
+5 deg to -45 deg. 
In the SK phase we allow Sun pitch 0 to -53 deg. 
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For the presentation I will skim over this information, or cut it down for the sake of 
time. 
The main point to convey is that the CoM location may be off-nominal, so that each MU 
will induce a delta-V. 
NGAS modeled 27 possible CoM locations, and we used them all in the Monte Carlo 
simulation.  
The exact schedule of MU delta-V’s depends on the observation schedule and the 
torque table.  
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This is the key feature of the JWST mission that makes SK budget a challenge to predict.  
We will not know in advance what attitude JWST will fly, so we cannot predict the SRP 
accurately.  
We also cannot predict MU maneuvers.  
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I am skipping details about modeling assumption. They are in the paper. 
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The key point here as that we model attitude, and so SRP, different ways for different 
phases. 
 
Leading up to an SK maneuver, we will know the observation schedule accurately so we 
can model the SRP accurately.  
For SK budget planning we consider a collection of representative collection of 
observation schedules, and make random draws for the Monte Carlo simulation.  
 
Planning an SK maneuver, we will not know the future observation schedule, so we 
plan to model SRP with cannonball model and a nominal area. 
The SRP nominal area we use is in the middle of the SRP range. 
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The SRP plug-in we use, based on SPAD computations, is an essential part of the 
modeling process. 
I want to emphasize that the high-accuracy SPAD computations are performed offline. 
For the plug-in we simply interpolate an SRP table generated by SPAD. 
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To keep the presentation brief, I will emphasize that the Monte Carlo simulation is 
structured very much the same was as the End-of-Box simulation.  
 
The key differences in the Monte Carlo are shown in chart “Modeling Changes from 
End-of-Box”: 
We randomly draw errors (vs. fixed worst-case errors in End-of-Box) 
We randomly draw obs schedule that determine attitude 
We model SRP much more accurately with an attitude-dependent plug-in to STK & 
ODTK 
We model much larger variation in SRP than in End-of-Box (though other errors are 
smaller than in End-of-Box) 
    
We look at all torque tables (vs. End-of-Box that focused on one torque table 222) 
We use Distributed Computing to run 6 trials simultaneously, and explore more 
possibilities 
We use the OD error requirement of 2 cm/sec (3-sigma).  
(Previous End-of-Box simulation used 2.53 cm/sec. Sungpil Yoon has shown in 
companion paper that we can do better than 2 cm/sec, 3-sigma. We used the 
requirement value to be conservative.) 
15 
For torque table 111, with the largest delta-V, we ran over 100 trials to get a reliable 
budget value.  
In other cases shown we ran over 100 trials.  
For each of the torque tables we ran at least 24 trials to get a sense of which torque 
tables were “worst”, then we focused simulation effort on the worst cases.  
 
 
There is not sufficient time in a 15-minute presentation to explore all the parameters in 
this simulation.  
One aspect is the effect of torque table (so MU maneuvers) on SK budget, in 
combination with the assumed SRP nominal value. 
Note that torque table 111 models the CoM at the desired location, so there are no MU 
delta-V’s.  
For the End-of-Box, torque table 222 was used, which produces the largest MU delta-
V’s 
Why do we get the largest delta-V when there are no MU maneuvers?  
In the Monte Carlo we model much larger variation in SRP, and we speculate that MU 
delta-V can actually help maintain the LPO in that situation. 
There is evidence to support this hypothesis.  
In cases where we assumed a nominal SRP value closer to the average, then torque 
tables with more MU maneuvers produced the largest SK delta-V.  
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This slide is mainly to convey that we ran thousands of trials and performed various 
parametric studies using the new automated system. 
 
It also shows that we are motivated to predict SRP as accurately as possible, to reduce 
the SK delta-V. 
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